reared and housed under optimal environmental conditions of 27° C ± 2° C and 85% relative humidity, with a 14:10 hour photoperiod (L:D). Test insects were five-to seven-day-old females that had not been blood-fed. They were selected based on host-seeking behavior, in that a hand was placed close to the back of the cage and female sand flies attracted to the hand were then aspirated. Fifty host-seeking female sand flies were placed in an experimental cage and starved of sugar for 12-18 h prior to use. One h before the test was due to start, the cage of sand flies was removed from the incubator and placed in the test room for acclimatization.
This was a study of one insect repellent product on six healthy volunteers. No blinding or randomization was employed. The study received full approval from the University of Florida Institutional Review Board (UF IRB IRB201600235). Participants were recruited to the trial through email at the University of North Carolina at Greensboro. Written, informed consent was obtained from each participant prior to screening. Screening comprised of a health questionnaire, which was used to check against the study's inclusion and exclusion criteria and a sand fly bite sensitivity test. For this screening, a single bite from an unfed female P. papatasi was administered. The bite was monitored over a 48 h period and the size of the bite was measured at 10 min and up to 48 h post-bite. Participants were excluded if they experienced an adverse reaction to the bite, including extended (>1 cm) swelling and redness at the site of the bite, blisters, or reports from the volunteer of high irritation and itching. No participants, however, experienced adverse reactions to the sand fly bites during the study.
The experiment was conducted in a 20 × 20 × 20 cm Plexiglas cage. Typically, mosquito arm-in-cage studies are conducted in larger cages. However, due to restrictions of quarantine regulations and knowledge about sand fly behavior, a smaller cage was selected and a hand-in-cage approach was adopted. In this assay, a gloved hand was placed into the cage and the sand flies were able to land and probe on an exposed section of skin on the top of the hand (3 × 4 cm). The gloves used were double-ply cotton with long sleeves and the rectangular area was measured and secured in position with tape (Fearless Clothing and Body Tape, Walker Tape Co., West Jordan, UT). Both hands were prepared with gloves with rectangular holes and then the product was applied to the exposed skin of one of the hands.
The product, Jungle Formula Outdoors and Camping, which contains 20% IR3535, was provided by Omega Pharma Innovation & Development (Nazareth, Belgium). The application volume was calculated based on an application rate of 1.67 mg/cm 2 . As the repellent was applied to the 3 × 4 cm rectangle of exposed skin on the hand, the appropriate dose was calculated as 20 μL.
Before the start of each test, the participant inserted the untreated gloved hand into a cage containing 50 host-seeking female sand flies for 2 min to assess their biting activity. Only cages with at least ten sand flies probing/biting during the 2 min were used in the tests. The number of sand flies probing the exposed area of the hand after 2 min was counted and recorded, and the hand was removed from the cage. Immediately after, the participant inserted their repellenttreated gloved hand into the same cage for 2 min. The number of sand flies probing or biting the exposed area of the hand after 2 min was counted and recorded, and the hand was removed from the cage. This procedure was repeated at hourly intervals throughout the testing for up to 6 h or until the product no longer provided 90% protection, whichever was sooner. At this point the product test was considered complete. A 6-h cut-off was chosen to meet the stated performance of DEET products commercially available in Europe; longer exposures to sand fly bites were deemed unnecessary for ethical reasons.
The duration of the repellent effect was determined by measuring the protective efficacy (PE) of the repellent over time. This is based on the number of sand flies probing the repellent-treated hand compared with the untreated control hand. Protective efficacy = [(number of sand flies probing untreated hand -number of sand flies probing treated hand)/ number of sand flies probing untreated hand] × 100.
The complete protection time (CPT) was defined as the time at which the product no longer provided complete protection, i.e., the duration of time between product application and the occurrence of the first probe on the treated hand. If during any individual test, a single sand fly probed (as opposed to multiple sand flies) on the treated hand, the test would be repeated 30 min later to provide confirmation of the CPT. If there was a confirmatory probe during the test, this would represent the end of the testing for CPT but testing for PE would continue at hourly intervals, with the next test taking place 30 min later. If there was no confirmatory probe during this test, testing would be resumed, with the next test taking place 30 min later.
A total of six participants completed the test and during the study no adverse events occurred. These six participants consisted of four female and two male volunteers within the age range of 18-55 years. The Jungle Formula Outdoors and Camping (20% IR3535) provided 100% PE 6 h postapplication against P. papatasi sand flies. The median CPT and 90% PE for Jungle Formula Outdoors and Camping (20% IR3535) was not known as no probes or bites occurred on the repellent treated area for the duration of the 6-h trial. Raw data showing the number of bites at each time point on each participant is presented in Table 1 .
To the authors' knowledge this is the first study to test the effect of IR3535 on P. papatasi and we found that the median CPT was greater than the 6 h evaluated. Comparably, Naucke et al. (2006) tested repellency of IR3535 against two other Phlebotomus species and found a 10% solution to provide 5.9 to 10.4 h of protection following similar procedures. Naucke et al. (2006) compared IR3535 to DEET, both at 10%, and found them to be comparable.
Other repellents found to be effective against P. papatasi are SS220, picardin, DEET, ethoxy-diethylbenzamide, and chloro-diethylbenzamide (Schmidt and Schmidt 1969 , Buescher et al. 1982 , Klun et al. 2006 ). Klun et al. (2006) tested SS220, picardin, and DEET on P. papatasi and two mosquito species, Aedes aegypti and Aedes stephensi (Klun et al. 2006 ). All three repellents reduced sand fly feeding when they were applied directly to the skin (with and without a cloth cover) and when the skin was covered with treated cloth. Klun et al. (2006) described how this personal protection was provided by a combination of feeding deterrence and repellency. However, they noted that there appeared to be little spatial repellency effect as the insects fed upon the neighboring skin with no issue. Control feeding percentages were typically similar to those in chambers containing treatments (Klun et al. 2006) . Similarly, in the current study, sand flies were observed trying to land but suddenly veering away from the C  T  C  T  C  T  C  T  C  T  C  T   0  13  0  14  0  10  0  18  0  15  0  41  0   1  21  0  22  0  15  0  22  0  16  0  42  0   2  12  0  21  0  20  0  19  0  34  0  42  0   3  12  0  13  0  24  0  25  0  35  0  31  0   4  17  0  20  0  23  0  32  0  14  0  13  0   5  11  0  10  0  15  0  26  0  16  0  29  0   6  13  0  17  0  19  0  19  0  20  0  12  0 skin, suggesting a limited spatial effect, if any, of IR3535 on P. papatasi. It has been claimed that sand flies appear to be more sensitive to repellents than mosquitoes and other bloodfeeding arthropods (Dremova and Markina 1975 , Buescher et al. 1982 , Fossati and Maroli 1986 . However, it is difficult to compare across studies, given differences in application concentrations, timing of testing, and sample sizes. Studies with mosquitoes have tested a variety of IR3535 doses, using a variety of bioassays, and have reported from 1 to 13 h of protection (Puccetti 2007) . The current study used 1.67 mg/ cm 2 , which is equivalent to 1 g/600 cm 2 , the typical consumer dose for lotions as recommended by the World Health Organization and in the U.S. EPA repellent-testing guidelines. It achieved 6 h of 100% protection from sand fly bites.
Mosquitoes, midges, sand flies, and other biting insects are vectors of extremely important diseases such as malaria, yellow fever, leishmaniasis, filariasis, many viruses, and are also a major biting nuisance. The use of repellent products can provide added personal protection from pathogen transmission and nuisance bites. New effective repellents would offer an additional option for protection against biting insects. The tests provide important information on the effectiveness of a skin repellent that will be used for label claims to accurately inform consumers and registration purposes.
